Hematology News
T he hematopoietic system is a highly active tissue that produces millions of genetically identical blood cells every day throughout the life of an individual. This process of blood formation can go wrong in many ways, for example, by inherited genetic defects in individuals with Fanconi's anemia or Diamond-Blackfan anemia, [1] [2] [3] or by acquired mutations that cause leukemia. Two new studies published in the June issue of Nature Genetics 4-5 now demonstrate that in a significant subset of healthy individuals, clonal expansions of blood cells with chromosomal abnormalities can be detected. These anomalies (also referred to as chromosomal mosaicism) are observed in about 1% of individuals and are possibly associated with an increased risk of leukemia development.
In their studies, Jacobs et al. 4 and Laurie et al. 5 use data derived from single nucleotide polymorphism (SNP) arrays that were previously collected on thousands of individuals in the course of various genome-wide association studies (GWAS). For these studies, blood cells were used as the source to obtain 'germline' DNA from these individuals. SNP array data are powerful tools to study millions of SNPs in the genome and to perform association studies. In addition, SNP array data can also be used to detect the presence of chromosomal copy number variations and copy-neutral loss of heterozygosity (LOH), even in a subset of the cells, based on the deviation of SNP allele frequency from what is expected for a homogeneous group of cells (Figure 1 ). In this way, chromosomal abnormalities can be detected and it can be estimated in what percentage of cells these chromosomal abnormalities are present.
Using this technology, Jacobs and colleagues detect clonal populations of cells with chromosomal abnormalities in almost 1% of healthy individuals. About half of the detected abnormalities were copy-neutral LOH, 15% were chromosomal gains and 35% were chromosomal losses. Laurie et al. confirm these findings in a separate study in which a clear correlation between age and the presence of chromosomal mosaicism is observed. In that study, the frequency of individuals with detectable abnormal cells was found to increase significantly over the age of 50 years to up to 3%. These data may be indicative of a decline in genomic maintenance mechanisms in older individuals, but may also reflect the effect of positive selection of specific clones. This may indeed be the case, as it is clear from these studies that the chromosomal abnormalities were not random. These data correlate with the chromosomal regions and with the list of tumor suppressor genes that are known to be implicated in the development of leukemia. Loss of the cell cycle regulator CDKN2A is found in many leukemias, including acute lymphoblastic leukemia, TET2 and DNMT3A are often deleted or mutated in myeloid leukemias, 6 and gain of chromosome 12 or deletion of PRAME is frequently detected in chronic lymphocytic leukemia. 7 Furthermore, in both studies, there is a clear link between the presence of mosaicism and the risk of leukemia development. Figure 1 . Schematic overview of how the study of single nucleotide variants (SNPs) can be used to detect chromosomal anomalies. Human cells contain 22 chromosome pairs plus XX or XY chromosomes. Here, one pair of chromosomes is schematically represented (paternal chromosome in gray, maternal chromosome in white), and variations in the DNA sequence on both chromosomes are indicated (heterozygous SNPs). In normal cells this will be detected by SNP arrays as 50% of the DNA of these normal cells with have the A sequence and 50% will have the G sequence. In cells with a deletion of part of that chromosome, part of the SNPs will now be detected as homozygous (only A sequence detected). Copy-neutral loss of heterozygosity (LOH) occurs when one chromosome (here the maternal chromosome) has exchanged DNA with the other chromosome (the paternal), so that for a specific part of the chromosome pairs the sequence is now identical (derived from the paternal chromosome). This phenomenon is known as uniparental disomy (UPD). SNP arrays can identify these defects, even if these chromosomal rearrangements are only present in a subset of the cells.
Detection of clonal blood cells with specific chromosomal abnormalities in the general population
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haematologica | 2012; 97 (5) Individuals with a detected clonal population of blood cells with a chromosomal anomaly had a 10-fold higher risk of developing leukemia than individuals without mosaicism. [4] [5] These data make it tempting to speculate that these observations are likely to be related to early events of clonal selection as they are taking place during leukemia development. These two studies show that in about 1% of individuals (and even up to 3% in individuals above 70 years), clonal expansion of white blood cells can be detected that have genetic anomalies, including losses of entire chromosomes, copy-neutral LOH of parts of chromosomes and interstitial deletions/duplications. [4] [5] Such chromosomal anomalies could lead to clonal expansion, given the fact that these can inactivate classical tumor suppressor genes, such as CDKN2A and RB1, or affect epigenetic regulators such as TET2 or DNMT3A, genes that are all linked with leukemia development and clonal expansion of hematopoietic cells. [8] [9] Further studies will be required to confirm whether the abnormal clones described in these studies are indeed the cells that contribute to the development of the leukemia. Furthermore, additional studies with serial sampling before and after leukemia development will be required to investigate the predictive nature of detectable clonal mosaicism.
These studies could open up new ways for early detection of leukemia development. The SNP array technology is now well advanced and could be used in a diagnostic setting to identify such early steps of leukemia development. Individuals in whom mosaicism is detected in the blood may then be followed more frequently by blood counts and further genetic testing. Eventually, if there is strong evidence that critical genes are affected that are known to drive leukemia development, early treatment could be considered with the aim of removing these clones before the cells become fully malignant and refractory to therapy. There is still a long way to go. These studies demonstrate the power of SNP arrays for the detection of abnormal clones in the blood of healthy individuals and show that early detection of leukemia clones with chromosomal abnormalities could be possible.
